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PROBLEMS AND SOLUTIONS. 



r = h 



But »* = 2gh, and hence, 
Finally, 



(to + m'Yd ' 



rri'gh 
T ~ (m + m'W 



F = (to + m')r = , m . 9 .,_, poundals = -, — v — jtj pounds. 
v ' ' (to + to')<* r (m + to')o 

Substituting values, 

„ 5(W X 500 X 10 ., 

F "(500+400) Xi" 11 ' 1 "* 

Also solved by A. M. Harding and J. A. Caparo. Erroneously solved by 
Herbert N. Carleton. 

305. Proposed by B. J. brown, Victor, Colorado. 

A particle is to be projected so as to graze the top of a wall h feet high, at a distance of a 
feet from the point of projection, and to strike the ground at a distance b feet from the foot of 
the wall. Find the velocity of projection, and the inclination of the path to the horizontal, at 
the ground and at the top of the wall. I. C. S. 1903. 

Solution by Emma M. Gibson, Assistant at Drury College. 
The equation of the path of the particle is 



y = x tan a — \g . „ . ■ , 
t>(? cos 5 a 

where h is the initial velocity and a the angle of projection. 

Knowing the points (a, h), (a + b, 0) to be on the curve the following satisfied relations 
exist: 

h = a tan a — \g - 



and 



(a + b) tan a = 



vtf cos z a 
(a + b)* 



From equation (2), 



ro* COS 2 a 



= 0. 



(1) 
(2) 



, (a + b)g 

2 sin a cos a 



-J" 

"•-V3 



+ b)g 



sin 2o 



Substituting this value of i* in (1) and solving for tan a, 

(a + b)h 



tan « = 



Hence, 



ab 



= t . fttl -ir<fL±wn 



tan 



aft J* 
the inclination of the path at the ground. 

The equation of the tangent to the curve at any point {x\, yO is 

y + yi^x + xx xjx 

2 2 w vo* cos s a 




At (a, h) the tangent becomes 

y + h = (x + a) tan a 
The inclination of this line, 



agx 



»>o cos a 



[ y<? sin a 



a cos a — ag 



> l cos*a 



x + a tan a. 



-'[^5M=^[( 5 i->]. 

is the inclination of the path to the horizontal at the top of the wall. 
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Also solved by H. C. Feemster, J. A. Caparo, Clifford N. Mills, and 
Horace Olson. Erroneously solved by Herbert N. Carleton. 

306. Proposed by EMMA M. GIBSON, Drury College. 

A sphere is composed of a solid homogeneous hemisphere and a very thin hemispherical 
shell of equal mass. What is the greatest inclination of a rough plane on which the sphere can 
just rest in equilibrium? 

Solution by Paul Capron, U. S. Naval Academy. 
Let the radius of the sphere be a, the center at 0, the center of gravity at G; then 

nr _ 1 (a Za\ _ a . 

however the sphere is placed, G is on a circumference of radius a/16, centered at 0. If the sphere 
is in equilibrium, G is vertically over the contact, C, of the sphere with the inclined plane on which 
it rests; the inclination of the plane is the angle COG, which has its greatest value when CG is 
tangent to the little circle; this value is sin -1 1/16. Hence, the greatest inclination of the plane 
is sin -1 1/16 or tan -1 p. (p being the coefficient of friction) whichever happens to be the less. 

Also solved by J. A. Caparo. Erroneously solved by Herbert N. Carleton. 

NUMBER THEORY. 

226. Proposed by ELBERT H. CLARKE, Purdue University. 

If 0! is taken equal to 1, and if k is any positive integer greater than or equal to 2, show that 

» n!_ 1 1 

TC 2 (fc+n)! fc'-l' (k -1)!' 

I. Solution by S. A. Joffe, New York City. 

Since 

n! 1 • 2 • 3 •••« 1 



(fc + n) ! 1 • 2 • 3 • ■ • n(n + l)(n + 2) • ■ • (n + k) (n + l){n + 2) • • • (n + k) ' 

we see that 

00 n\ °° 1 

Jo (fc+^yi = Jo.&» + !)(»+ 2) ••• (n + *) • (1) 

Now, the series in the second member, each term of which is the reciprocal of a factorial expression, 
may be easily summed by an elementary theorem in finite differences or by the following equiva- 
lent simple method. 
Noticing that 

1 1 



(« + l)(n + 2) •••(» + k - 1) (n + 2)(n + 3) • • • (n + k) 

(n+k) -(n + 1) 



we find that 
1 



(n +■!)(» + 2) • • • (n + k) (n + l)(n + 2) • • • (n + k) ' 



(n + l)(n + 2) ■•• (n + k) 

= ._ i ^r i i 1. 

k - 1 L (« + 1)(« + 2) • • • (» + k - 1) (n + 2)(n + 3) • • • (n + k) J 



